ALLERGIC LOBAR PNEUMONIA : EXPERIMENTAL STUDY by Fried, B. M.
ALLERGIC LOBAR PNEUMONIA 
EXPERI~NTAL STIYDY 
Bx B. M.  FRIED, M.D. 
(From the Surgical Laboratory of the Peter Bent Brigkara Hospital, and the 
Laboratory (or Surgical Research, Harvard Medical Sckool) 
PLATES 1 TO 3 
(Received for publication, August 7, 1932) 
Lobar or fibrinous pneumonia is caused in most instances by the 
Diplococcus  lanceolatus  (pneumococcus) and rarely by the Diplococ- 
cus  mucosus,  the staphylococcus, or  the streptococcus.  The  infec- 
tion is effected as a rule through inhalation of the pathogenic micro- 
organism by way of the upper respiratory tract.  It is stated that the 
diplococcus reaches primarily the lymph nodes at  the hilum of the 
lungs,  wherefrom  it  spreads  toward  the  pulmonary  parenchyma. 
However, this opinion is contradicted on the following ground: Since 
the hilum, one argues, is the point of convergence of the lungs with the 
lymph flowing thereto from the periphery, the spread of the micro- 
organism should be  then a  retrograde one, which is  thought to  be 
unlikely. 
The clinical and pathological aspects of  the  disease  are  likewise 
matters for debate.  Thus it is not understood why the pneumococcus 
will cause in instances a bilateral, patchy, or lobular bronchopneumonia 
with its gradual onset, while in the pneumonia the object for discus- 
sion in the present report, the onset is sudden and the lesion is lobar 
and unilateral. 
The brusqueness in the development and the rapid spread of the 
inflammatory processes in one lung in cases of lobar (genuine) pneu- 
monia has led to the suggestion that the disease is probably an ex- 
pression of an altered sensitiveness of the lung toward the Pneumo- 
coccus  pneumoniae,  or that one is  dealing in  this condition with an 
allergic phenomenon. 
This study was undertaken in order to study the reaction of the 
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lungs of animals that have been rendered  sensitive (allergic) to  a  for- 
eign protein. 
Friedberger (1), Busson  (2), Ishioka (3), and Schlecht and Schwenker (4) were 
referred to by some writers as having made studies on allergic inflammation of 
the lungs.  In reality, they merely attempted to  induce an  anaphylactic shock 
in guinea pigs by preparing the animals in the customary way and then giving 
them  the  shocking dose by way of  the  upper respiratory tract.  Two photomi- 
crographs  of  the  anaphylactic lungs  reproduced by  Friedberger show  a  slight 
emphysema but no inflammation.  Busson's experiments were a repetition of those 
reported by Friedberger.  Ishioka injected guinea pigs subcutaneously with from 
1 to 5 cc. of horse serum followed 15 days later by an intratracheal injection of 
from 0.05 to 0.1 cc. of serum.  He noticed that there occurred an interstitial pneu- 
monia of which no illustrations were given in his article.  Schlecht and Schwenker 
in  similar  experiments  were  concerned  with  the  occurrence  of  (anaphylactic) 
eosinophilia in  the  tissues.  Opie  (5)  briefly stated  that  "The  phenomenon  of 
Arthus may be reproduced in the lung of an immune animal by injection of the 
antigen.  Injection of 0.2  cc. of horse serum through the thoracic wall into the 
lung of an immunized rabbit causes localized consolidation with leucocytes and 
edema surrounding a  central focus  of  necrosis."  His  article  contained  no  de- 
scription of experiments and no illustrations.  Sharp and Blake (6) studied the 
response of the lungs to the pneumococcus antigen in rabbits previously rendered 
hypersensitive to this microorganism.  In a number of instances the lungs of the 
animals showed an acute inflammatory reaction.  Stuppy, Cannon, and Falk (7) 
noted  that  in  vaccinated rabbits the  subsequent  intrabronchial insuffiation  of 
living, virulent pneumococci, induced a proliferative and exudative inflammation 
in the lungs in which the macrophage was the predominant cell.  Julianelle and 
Rhoads  (8)  reported studies in  which  they attempted to  determine whether  a 
preexisting state of hypersensitiveness to  the pneumococcus or to  its products 
influences the course and  character of pneumococcus infection in  the lungs  of 
rabbits.  Their experiments "failed to show that hypersensitiveness to pneumo- 
coccus or its products influences the occurrence or character of the lesion in the 
lungs in artificial pneumococcus  infection." 
Material  and Technique 
Full grown rabbits were injected intraperitoneaUy with 40 cc. of horse serum 
(diphtheria antitoxin) divided into eight doses of 5 cc. each, given at intervals of 6 
days.  On the 6thday after the last injection the animals received an injection of 
1 cc. of the same serum  into the lung by way of the trachea.  The  rabbits were 
killed at intervals from about 1 hour to several weeks after the last injection and 
their lungs studied.  Parallel studies (controls) were performed on lungs of animals 
that have received intratracheally 1, 2, 3, and 4 cc. of serum respectively without a 
previous treatment  with serums by the intraperitoneal route.  The specificity of B.  M.  :FRIED  113 
the reaction in  the first series of sensitized animals was verified by treating a 
few of them intratracheaUy with  1 cc. of human  serum  instead of horse  serum. 
Studies were  likewise performed on lungs from rabbits that  had  been  prepared 
with repeated intraperitoneal injections of serum  without, however,  receiving an 
intratracheal injection. 
OBSERVATIONS 
Controls (11 Rabbits).--Horse  serum introduced into the pulmonary parenchyma 
of normal (control) rabbits via the trachea settled in the dorsal region of both lungs, 
probably because in each instance the injection was performed with the animal on 
its back.  After fixation these areas appeared to be slightly firmer than the sur- 
rounding tissue, having a  blackish gray tint (Fig. 1).  The early reaction to the 
heterologous serum  studied  within  1 hour  after  the  injection consisted of  an 
edema confined to areas where  the material had  settled.  The serum could  be 
seen in the alveoli as a homogeneous, bluish, dark material.  There was no con- 
gestion, probably because the capillaries were compressed by the edematous fluid 
which has distended the air sacs. 
Within about 2 hours after the intratracheal injection the alveolar septums ap- 
peared to be thickened from proliferation of cells which these structures normally 
contain.  The cells lining the septums, too, had increased in size and in number, 
and many of them lie free in the alveoli.  There was a slight perivascular edema; 
the perivascular lymphatics showed an increased number of lymphocytes mixed 
with a  few monocytes. 
An affiux of granulocytes began within from 12 to 15 hours after the intratra- 
cheal injection.  At 24 hours  the number  of these cells was quite considerable: 
thus, in places they filled air sacs; in others they freely bathed in the exuded serum; 
they were present in the capillaries of the septums and in larger vessels.  Eosino- 
philic cells, too, were seen on rare occasions.  The perivascular mesenchymal cells 
showed slight proliferation and the intimal layer of some veins also revealed early 
proliferative signs. 
In from 36 to 48 hours after the injection of serum the reaction began gradually 
to subside, and it completely vanished within a period of from 48 to 72 hours. 
Sensitized Animals.--In  17 of 30 rabbits (57  per cent)  that had received pre- 
vious intraperitoneal injections of horse serum,  that  is in  those  that  had  been 
rendered allergic to the heterologus protein, the final intratracheal injection of 1 
cc.  of horse serum caused no disturbance which could be disclosed objectively. 
The study of the tissues revealed the following: There occurred a prompt edema 
of the "infected" areas, swelling of septal (alveolar) cells, and an increase in the 
number of those cells which are normally seen around bronchi and blood vessels. 
Masses of granulocytes became conspicuous about  3  hours  after  the  injection, 
leading to focal atelectases of the lung with obliteration of its normal structure. 
In the following 2 or 3 hours granulocytes had flooded wide pulmonary areas, in- 
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tention (Fig. 2).  Polymorphonuclear ceils also were present in the blood vessels, 
obliterating the lumen of the smaller ones.  In the vicinity of some smaller veins 
there occurred accumulations of cells forming nodules.  The  same  type of cell 
seemed to invade the vascular coat of some veins leading to the dissociation of 
their walls, to swelling of their fibers and to crescent-like thickening of their intimal 
lining (Fig. 3).  There also occurred an edema of the septums and of the tissues 
around the larger vessels, proliferation of the intimal layer of some of the larger 
veins, and a suggestion of a beginning thrombus formation. 
In an animal killed about 12 hours after the tracheal injection, the lung showed 
a definite consolidation of the inner aspect of its right lower lobe which apparently 
resulted from the massive collection of granulocytes and from edema.  There were 
focal peri- and intravascular accumulations of monocytoid cells occluding vessels. 
There was a  perivascular edema and a  proliferating growth of the intimal layer 
of larger veins, but there were no bronchial changes. 
In the lungs of a sensitized animal that has been killed 24 hours after the intra- 
tracheal injection of  1 cc. of serum, the injected fluid has led to consolidation of 
the dorsal aspect of both lungs, of which the right is about twice more involved. 
Histologically the exudate was mainly of the mononuclear type abundantly mixed 
with mononuclear eosinophilic ceils.  The number of granulocytes was insignifi- 
cant.  The  perivascular lymphatics were  loaded with  small round  cells.  The 
larger vessels showed  edema  of their walls containing mononuclear eosinophilic 
ceils which were likewise present in the vascular lumen.  The  intimal  layer  of 
blood vessels showed proliferation.  The smaller vessels showed invariably peri- 
vascular infiltration with small round cells which were likewise present in the wall 
itself leading to its dissociation.  The bronchi, too, contained mononuclear cells, 
eosinophiles, and some gran~ocytes, but the bronchial mucosa was intact. 
The most remarkable picture of the lung from an animal that has been sensitized 
was observed 48 hours after the intratracheal injection of 1 cc. of serum.  From 
Fig. 4 it may be seen that a large portion of the left lower lobe was involved, while 
the right lung remained free from disease.  There was a small fibrinous exudate in 
the left pleural cavity made up of macrophages and granulocytes with involvement 
of the pleura at the base of the lung.  The lung was firm and sank in water.  His- 
tologically the alveoli were distended, being filled with large mononuclear ceils 
mixed here and there with a granulocyte (Fig. 5).  In some areas the latter cells 
predominated, occasionally forming accumulations filling up completely an alveo- 
lus.  In these areas there was a  moderate edema.  Other sections revealed the 
presence of fibrin in which mononuclear and  polymorphonuclear cells were en- 
meshed (Fig. 6). 
The cut surface of a  lung from an allergic animal that was killed 3 days after 
the shocking intratracheal injection of serum is shown in Fig. 7.  Here, too, the 
lesion was  lobar and  unilateral, involving the parenchyma and  the  interstitial 
tissues.  Thus, the walls of the air sacs were infiltrated with cells, leading to their 
thickening.  The alveolar exudate was of the mononuclear type, being less abun- 
dant than in the lungs of animals killed at an earlier date, and the formation of 
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As already said, vascular changes were an early accompaniment of the disease. 
In places the entire vascular coat was found to be infiltrated with small  round 
ceils, which also surrounded the vessel in a cuff-like manner (Figs. 8 and 9).  In 
some vessels the picture resembled somewhat that seen in periarteritis nodosa. 
Another trait of this condition was the occurrence of thromboses  and infarc- 
tions.  Thus, a  large pulmonary vessel  containing a  hyalin thrombus showing 
early stages of intimal proliferation is demonstrated in Fig. 10.  The perivascular 
tissue of the vessel is markedly edematous and its lymphatics contain many lym- 
phocytes.  A wide zone of seminecrotic material encircles the altered vessel and 
this is  surrounded by the consolidated  pneumonic lung.  Fig.  11 shows a wide 
hemorrhagic area (infarction)  occurring as a result of thrombosed vessels. 
The "sterile" pneumonia reached its acme in from 16 to 24 hours and lasted for 
about 4 days, after which period the exudate began partly to disappear and partly 
to become organized.  Areas of young vascular granulation tissue were conspicu- 
ous at the 5th day after the shocking intratracheal injection.  The bronchi, too, 
showed at this period changes which have been induced by focal atelect~ses of the 
lung and also probably resulting from circulatory disturbances. 
COUNT 
Allergic or hyperergic manifestations in animals or individuals that 
have  been  rendered  sensitive  to  an  antigen  by repeated  enteral  or 
parenteral  treatment  may  be  of  a  general  or  of  a  local  character. 
Peculiar local tissue changes resulting from the injection of an antigen 
in  sensitized  (allergic)  animals  were  for  the  first  time  reported  by 
Arthus  (9)  who  observed  that  one  subcutaneous  injection of  horse 
serum into a  rabbit produced a  slight swelling in the area of the in- 
jection  which,  however,  promptly  disappeared.  The  next  two  or 
three injections followed at 6 day intervals likewise caused no appre- 
ciable local changes.  But  if injections in  the  same  region  were re- 
peated  at  the  indicated  intervals,  the  local  response  took different 
aspects.  Thus  the  fifth injection produced a local firm swelling per- 
sisting  several  days;  the  sixth  was  followed  by  a  swelling with a 
pus-like  center;  and  the seventh resulted in necrosis of the skin and 
subcutaneous tissue in the area of injection. 
The experiments here reported are  then  concerned with the same 
phenomenon of local tissue reactions as seen in the lungs. 
It may be seen that the first reaction of both the normal and the 
altered  (allergic) lung was that of an edema, of an affiux of granulo- 
cytes,  and  of a  moderate  cellular proliferation  with  swelling  of  the 116  ALLERGIC  LOBAR  PNEI~MONIA 
alveolar (septal)  cells.  However, in the normal lung the granulocy- 
tic reaction developed gradually, reaching its highest point in about 12 
to 15 hours after the intratracheal injection of serum, being moderate 
in  amount and persisting  from 36  to  48  hours  after which time it 
disappeared without leaving traces behind it. 
In the lung of allergic animals the appearance of granulocytes was 
rather  abrupt,  reaching its  highest point  within from 3  to  5  hours 
after the administration of the shocking dose of serum.  It was so 
abundant as  completely to  obliterate  alveoli  and obstruct  capilla- 
ries.  The following stage, which took place from 12 to 16 hours later, 
was  marked  by  accumulations  of  mononuclears  (monocytes  and 
eosinophiles) which dominated the picture almost to the end.  These 
cells with a slight admixture of polymorphonuclear leucocytes formed 
the  intraalveolar  exudate  which  also  had  crowded  the  pulmonary 
septa leading to their thickening.  It also is noteworthy that in about 
60 per cent of animals the lesion was confined to one lung involving 
one or more lobes.  (In one instance both lungs were involved.) 
The occurrence of vascular lesions beginning shortly after the in- 
jection  of  the  shocking  dose  was  remarkable  indeed.  The  lesions 
were of two types.  In one the wall of the vessel was damaged as a 
result of infiltration by round cells which also surrounded the vessel 
in a cuff-like manner.  Pictures of this kind resembled somewhat those 
seen  in  periarteritis  nodosa.  The other type of lesion consisted in 
swelling  and  proliferation  of  the  intima,  thereby  nearly  occluding 
the lumen of the vessel.  The vascular coats were edematous, con- 
taining in instances eosinophiles.  There also occurred formation of 
thrombi and many infarcted areas could be seen at different stages of 
their development. 
The pathogenesis of the pneumococcus lobar type of pneumonia was 
a  problem  to  early observers,  who noted  that  when overwhelming 
doses of pathogenic microorganisms are introduced directly into the 
lung, they induce a septicemia to which the animal succumbs without 
displaying a pulmonary disease; but when small doses of microorgan- 
isms are injected into the lung, they promptly disappear without lead- 
ing to a pulmonary disease or to histologic changes of the respiratory 
organ.  What is more, pneumococci which are exquisitely pathogenic 
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cause no harm when implanted on the respiratory mucosa of normal 
mice  by  inhalation.  In  fact,  they  disappear  from  the  pulmonary 
parenchyma within a few hours after the injection. 
Wadsworth (10), who was able to confirm the observations made by 
numerous predecessors, recurred then to "an entirely new procedure: 
the preliminary immunization of the rabbits, so that extremely viru- 
lent cultures of pneumococci can be used without giving rise to bac- 
teriaemic  infection."  He found that in these  instances  the  micro- 
organisms remain encamped ("fixed") in the lung, where "if the animal 
be not too highly immunized, they develop, inducing disease processes 
comparable to the lobar pneumonia  in man.  "  Stillman and Branch (11) 
from recent experiments drew the conclusion that "mice which have 
been partially immunized by previous inhalations of living or killed 
pneumococci  and which while alcoholized are exposed to an atmosphere 
of virulent pneumococci often develop a  pneumococcus lobar pneu- 
monia." 
The allergic conception of lobar pneumonia in man presupposes, 
then, that a  shocking dose of pneumococci has been implanted in the 
lung of an individual partially  immunized against the pneumococcus. 
In support of this hypothesis, Wadsworth (10), and recently, Lauche 
(12), in addition to characteristic clinical picture also stressed the fact 
that lobar pneumonia is virtually unseen in children under 1 year of 
age, which they attributed to the fact that the infants did not have the 
opportunity of becoming sensitized to the Pneumococcus pneumoniae. 
An analysis of the pulmonary process obtained in the experiments 
here discussed reveals  that  there are  close similarities between the 
lung seen in croupous pneumonia in man and that obtained in the 
allergic  animal.  In  both  the  early  stages  are  characterized  by  a 
prompt edema, and an outpouring of granulocytes, which is followed 
by a  reaction of cells of the mononuclear type and by formation of 
fibrin.  Vascular changes, too, are caused by the Diplococcus lanceola- 
tus.  Thus Ribbert  (13)  described the occurrence of thromboses in 
lobar pneumonia which he attributed to plugging of vessels by bac- 
teria but predominantly to toxic substances emanating from living and 
dead bacteria.  Berblinger (14)  found vascular and perivascular in- 
flammatory changes in influenzal lobar pneumonia, and MacCallum 
(15)  wrote that "in this uniformly consolidated lung [in lobar pneu- 118  ALLERGIC LOBAR PNEUMONIA 
monia]  there  are  many  thrombosed  blood vessels and as many an- 
emic infarctions which extend to the pleura."  It also was remarkable 
that in  a large percentage  of the animals  the lesion  was confined to 
one lung, being lobar in distribution. 
SUMMARY 
The injection of small amounts (1 cc.) of horse serum into the lungs 
of normal  rabbits produces  a  transient  pneumonitis  confined to  the 
dorsal aspect of both lungs. 
The injection of the same amount of horse serum  into the lungs of 
rabbits that have been previously sensitized to the same serum causes 
in a high percentage of cases a lesion which is confined to one lung with 
the gross and microscopic features of lobar  (fibrinous)  pneumonia as 
seen in man. 
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EXPLANATION OF PLATES 
PLAT~. 1 
FIG. 1.  The cut surface of the lungs  of  a  normal  animal  24  hours  after  the 
injection of 1 cc. of horse serum. 
FIG. 2.  A  section from  the  lung  of  a  sensitized animal 7 hours after the in- 
jection of 1 cc. of horse serum.  The markedly distended alveoli are filled with 
granulocytes which are also present in the septa.  The vessel shows invasion of 
its walls and lumen by lymphoid cells.  There also occurred a proliferation of the 
endothelial lining. 
FIG. 3.  A crescent-like thickening of the wall of a  pulmonary vessel in a  sensi- 
tized animal 7 hours after the shocking injection.  In the upper part is a  nodule 
made up of monocytoid cells. 
FIG. 4.  The cut  surface from a  lung of a  sensitized animal 48 hours after the 
intratracheal injection of 1 cc. of horse serum.  The consolidation of the lower 
half of the left lung should be noticed. 
PLATE 2 
FIG. 5.  An area of consolidation of the lung in  a  sensitized rabbit  24 hours 
after the intratracheal injection of 1 cc.  of serum.  The exudate is made up of 
large mononuclear phagocytes and mononuclear eosinophiles (coarse granules in 
the cytoplasm).  There also is thickening of the septa. 
FIG. 6.  Fibrin formation in an area of lobar consolidation of the lung in a sensi- 
tized rabbit 48 hours after the injection of 1 cc. of serum. 
FIG. 7.  The cut surface of the lung of a sensitized animal 3 days after the intra- 
tracheal injection of 1 cc. of serum.  The entire left lung is consolidated.  A large 
hemorrhage is seen in the lower segment of the lung. 
FIG. 8.  The perivascular infiltration by lymphocytoid cells in the lung of sensi- 
tized animal 3 days after the administration of the shocking dose.  There occurred 
a detachment en bloc of the endothelial lining. 
FIG. 9.  Infiltration of the wall of a large vessel by lymphocytoid cells in a sensi- 
tized animal 48 hours after the shocking injection. 
PLATE 3 
FIG. I0.  The condition of a  large pulmonary vessel in a  sensitized animal 48 
hours after the injection of the shocking dose.  See text. 
FIG. Ii. A hemorrhagic area (infarct) in the lung of a  sensitized rabbit 2 days 
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